In species of the family Heliasteridae, the ossicles of the proximal parts of the sides of each ray are joined by connective tissue to those of the adjacent rays to form interradial septa. These provide support to the extensive disc. Only a relatively small part of the ray is free. Autotomy of rays occurs in Heliaster helianthus in response to predatory attack by the asteroid Meyenaster gelatinosus. Autotomy of the ray does not occur at the base of the free part of the ray (arm) but near the base of the ray. In addition to the plane of autotomy at this location, a longitudinal plane of autotomy occurs in the connective tissue between the ossicles of the interradial septa. This indicates a plane of mutable collagenous tissue is present. Autotomy of the ray involves all these planes of autotomy and results in loss of most of the ray.
Introduction
Autotomy of rays occurs near the base of the arm (the free part of the ray) in most asteroids (Emson & Wilkie 1980) . Exceptions are the luidiids (Emson & Wilkie 1980) , astropectinids (Hotchkiss 2009 ) and archasterids (Lawrence et al. 2011) where it can occur at any point along the length of the ray. Autotomy involves mutable collagenous tissue in the body wall in a plane of autotomy (Wilkie 2002) . Agassiz (1877) called the inward continuation of the interradius of Asterias forbesi and Pisaster ochraceus the interbrachial partition. Viguier (1879) clearly illustrated two sets of ossicles in the interradial septa of the rays of the multirayed Heliaster microbrachia. Clark (1907) reported ray regeneration in Heliaster species but did not refer to the location where ray loss had occurred. Viviani (1978) specifically described autotomy of rays by Heliaster helianthus in response to the presence of its predators, Meyenaster gelatinosus and Luidia magellanica. His illustrations show autotomy does not occur at the base of the free part of the ray, the arm, but at the base of the ray near where it joins the central part of the body that contains the cardiac stomach. This raises the question of how the interradial septa of adjacent rays are separated in the process of autotomy.
Materials and Methods
We induced autotomy of rays in Heliaster helianthus by placing individuals with Meyenaster gelatinosus in an aquarium. Observations of an attack were recorded on video. An individual that had autotomized a ray and the autotomized ray were photographed.
Results
The video showed the initial response of the Heliaster helianthus to Meyenaster gelatinosus was rapid movement. After immobilization of the H. helianthus by M. gelatinosus and positioning the dorsal surface of the H. helianthus to its mouth, the connected portion of adjacent rays of the H. helianthus separated from each other followed by separation of the ray from the central part of the body. After several adjacent rays had autotomized, contortion of the body of the H. helianthus resulted in a stretching of the connective tissue between the ossicles of another adjacent ray so that it was torn, freeing the ray. Autotomy was not instantaneous but occurred over a number of minutes. During this period of autotomy, the H. helanthus was inactive. Only after autotomy did it move away from the M. gelatinosus.
A dissected dried specimen shows the interradial septa of adjacent pair of rays (Fig. 1) . The connected portion of pairs of rays is intact everywhere except where a ray has been autotomized (top). Figure 1 also shows the interradial ossicles of the connected part of the ray.
Discussion
The interradial septa of Heliaster helianthus provide support for the extensive disc. Autotomy of a ray requires the septa be separated. The presence of connective tissue, which contains mutable collagenous tissue, is necessary for autotomy to occur (Wilkie 2002) . Our observations indicate a plane of autotomy is present in the connective tissue joining the ossicles of the interradial septa of Heliaster helianthus in addition to the transverse plane of autotomy across the proximal part of the ray.
Clark (1907) stated the five-rayed Asterias ochracea (= Pisaster ochraceus) has well developed interbrachial walls that extend approximately 70 % of the ray length. Wilkie (2010, pers. comm.) found Asterias rubens (which is closely related to Pisaster) "does not have double septum linked by connective tissue, as in Heliaster" and "The lateral body wall of adjacent arms ruse basally to form a single 'vertical' partition that joins the mouth."
Autotomy in large Asterias rubens and Asterias forbesi is at the base of the free ray, the arm, at the distal end of the interradial septa (Wilkie et al. 1990; Hotchkiss, pers. comm., respectively) . This difference in the position of autotomy of Heliaster helianthus and Asterias rubens is interesting. What could be the basis of the difference between them? The proximate answer could be that H. helianthus has a double interradial septa and A. rubens does not. Wilkie (2010, pers. comm.) hypothesized "the autotomy plane cannot pass through it and the whole ray cannot be detached."
Regarding the ultimate answer, it seems intuitive that as little of the ray as possible be lost. The answer may be due to the presence of a discobrachial septum in Heliaster species that is found in no other asteroid family (Clark 1907) . Clark (1907) said the interradial septa end at the inner (proximal) end of the rays and unite laterally, more or less extensively, to form a discobrachial wall. As a result, the cavity of the disc is almost completely separated from the cavities of the rays so that the pyloric caeca and the cardiac stomach are connected only by a small tube. Autotomy at this position would result in a clean break that could facilitate healing and regeneration. This would not be the case with autotomy at a more distal position of the ray that would result in rupture of the pyloric caeca. Thus there may be a trade-off between the cost of the amount of ray loss and facilitation of healing and regeneration.
Lawrence (2013) gave this explanation for autotomy at the base of arms of asteroids, making the unwarranted assumption that this was the location where the pyloric caeca and gonads end in tubes. This is not true for Asterias rubens because these organs continue proximally to the true disc where they end in tubes. To say the arm is autotomized and also that the arm extends to the disc in A. rubens is an oxymoron except for small individuals. This is the case in small A. rubens (Cuénot 1948) but not in large ones because their interradius is extended. In the latter case, the arm is only the free part of the ray. In his memoir on the genus Heliaster, Clark (1907) referred to the distal free part of the ray.
This indicates correctness in terminology is necessary. The terms "ray" and "arm" are often used interchangeably. Yet they have different meanings. "Ray" has an anatomical meaning, the length of the radial water canal and its surrounding structures. Rays are present in all echinoderm classes, including echinoids and holothuroids. "Arm" has a meaning regarding form, an appendage to the central body. The two terms can be used interchangeably in asteroids when the ray/arm is attached to a distinct disc that contains the cardiac stomach. This distinction is important to avoid misinterpretations and misunderstandings.
